The deep waters in the Canada Basin display a complex temperature and salinity structure, the evolution of which is poorly understood. The fundamental physical processes driving changes in these deep water masses are investigated using an inverse method based on tracer conservation combined with empirical orthogonal function analysis of repeat hydrographic measure-
1. Introduction the resulting estimates of diffusivity and velocity are well within the estimated uncertainty. The 
141
We focus on potential temperature as the tracer of interest, and note that temperature and salinity 142 are interdependent but effectively passive tracers on isopycnals in the deep Canada Basin. A given 143 temperature anomaly is density-compensated by changes in salinity on an isopycnal, with salinity 144 variations an order of magnitude smaller than temperature variations. Results are reported only 145 for the potential temperature field, however we find that they are qualitatively and quantitatively 146 similar (to well within uncertainty) if salinity is used instead. 
Inverse Method Theory
The inverse method originates from the tracer conservation equation in advective-diffusive form.
185
Our goal is to determine large-scale lateral velocity and diffusivity estimates that best explain the 186 observed tracer distribution. We make several simplifying assumptions, the validity of which are 187 discussed further in the following sections.
188
We assume that across-isopycnal transport has a negligible effect on tracer properties relative to 189 along-isopycnal transport. The presence and persistence of intrusions (Walsh and Carmack 2002, 190 2003) and double-diffusive staircases (Timmermans et al. 2003 (Timmermans et al. , 2008 Bebieva and Timmermans 191 2016) in the Canada Basin reflect low levels of mechanical mixing supported by observations Along-isopycnal eddy processes are parameterized in terms of a lateral diffusivity, κ H , following 196 the standard Reynolds averaging approach, and this lateral diffusivity is assumed to be approxi-197 mately constant on any isopycnal. This is likely a poor approximation, as it is known that eddy 198 kinetic energy varies across the Canada Basin (Zhao et al. 2016) , and as such the diffusivity should 199 be treated as an approximate average on a given isopycnal.
200
There is no significant trend in the spacing between isopycnals in the deep water masses. Further,
201
hydrographic profiles represent only a single snapshot of the basin stratification for each year.
202
Therefore, divergence and convergence between isopycnals is not explicitly accounted for in the 203 governing equations. The effect of eddy fluxes on along-isopycnal transport of tracer is captured 204 by the lateral diffusion term.
205
Applying the above assumptions to the advective-diffusive form of the potential temperature (θ ) 206 conservation equation, and assuming no sources or sinks in the deep basin, yields:
where x σ and y σ are defined as the lateral, along-isopycnal coordinates, with z σ as the normal,
208
across-isopycnal coordinate. Hereafter we drop the 'σ ' on x, y, z and use subscripts for deriva-
209
tives. Assuming that lateral circulation is predominantly geostrophic, the geostrophic velocity
) may be written in terms of a streamfunction ψ as u g = −∂ y ψ, v g = ∂ x ψ. Here these 211 velocities represent flow along isopycnal surfaces:
The direction and magnitude of the velocity field are determined separately, which begins by 213 writing the streamfunction in separable form: ψ(x, y, z) = Ψ(z)ψ(x, y). Here Ψ is a streamfunction 214 amplitude determined from the inverse method (section 5a), andψ captures the spatially varying 215 component of the streamfunction (i.e., defines the shape of streamfunction contours, section 4e).
216
Vertical velocity is assumed to be negligible for the gyre flow over the deep Canada Basin isopycnal are used (equivalent to the use of isopycnal contours at a given depth level). Then
), and (1) becomes:
rearrange (2) as follows: part of the EOF analysis (section 4c). Equation (3) may then be expressed as:
where τ 1 (x, y), estimated from observations, is an advective fraction representing changes in the 236 temperature field associated with along-isopycnal advection, while τ 2 (x, y) is a diffusive fraction 237 representing variations associated with parameterized along-isopycnal diffusivity. Equation (4) 238 has two unknowns, Ψ and κ H , and is valid on any isopycnal in the BSBW or DTML water masses.
239
A least-squares linear fit to (4) yields Ψ and κ H .
240
The streamfunction amplitude Ψ has units of diffusivity (m 2 s −1 ), so that the dimensionless ratio 241 κ H /Ψ in (4) can be treated as a measure of the relative importance of along-isopycnal diffusion 242 to advection in the evolution of the temperature (or salinity) field. For a 'diffusive-advective ratio' 243 greater than unity, lateral diffusion is the dominant driver of changes in water mass temperature 244 and salinity, whereas advection dominates for κ H /Ψ < 1. It is of interest to note that this ratio 245 could be interpreted as an inverse Peclet number.
246
The calculation of spatial derivatives in (4) 
273
The first and second EOF modes for 2004, and the associated PCs, are shown in Figure 4a ,c.
274
The sign of each mode on a given isopycnal is determined from the sign of the associated PC. The the dominant process controlling changes in water mass properties, a hypothesis which will be 296 explored further using the inverse method in section 5.
297
The second EOF mode shows a predominantly latitudinal temperature gradient, and is of oppo- explained by the first (or second) EOF mode is the average over all isopycnals for each year.
341
Potential temperature on isopycnals in the FSBW is described primarily by the second EOF 
Inverse Method Results

382
The goal of the inverse method analysis is to estimate geostrophic velocity and along-isopycnal 383 diffusivity on isopycnals within the BSBW and DTML water masses, and relate these to circulation 384 and transport of water mass properties. to calculate discrete derivatives. The slope gives a diffusive-advective ratio of κ H /Ψ = 2.0 ± 0.3.
411
The intercept gives a streamfunction amplitude of Ψ = 214 ± 32 m 2 s −1 . Lateral diffusivity along 412 the σ = 28.01 kg m −3 isopycnal is then estimated to be κ H = 400 ± 88 m 2 s −1 .
413
The average magnitude of the advective velocity field along σ = 28.01 kg m −3 is | u g | = 0.33 ± 
424
The estimated values of the diffusive-advective ratio suggest that lateral diffusivity plays a dom- transport by the anticyclonic gyre, plays a secondary role in the BSBW (Figure 9b ).
432
In the deepest part of the BSBW (from ∼ 1500 − 2000 m), the inverse method predicts cyclonic 433 gyre circulation. This would suggest that the lateral pressure gradient at these depths has the 434 opposite sign from that at shallower depths, such that the gradient is from low (in the gyre center)
435
to high (at the periphery). This reversal of the gyre would also require that the geostrophic velocity In the DTML, the inverse method predicts cyclonic gyre circulation, so that Ψ is negative. 
448
The advective-diffusive ratio in the DTML suggests that along-isopycnal diffusivity is more invalidating the results.
455
In particular, the assumption that vertical mixing is negligible may be inappropriate for the 
480
Cooling and freshening was observed in the BSBW, while the DTML became warmer and saltier.
481
In both deep water masses considered, EOF analysis was used to quantify changes in water mass diffusivities elevated by a factor of 3 or more, associated with a more active eddy field.
513
The estimate of lateral diffusivity found here for the BSBW is significantly higher than previous 514 estimates associated with thermohaline intrusions alone. Carmack (2002, 2003) ana- Potential temperature data are arranged into an m×n matrix A θ ( x, z), for n isopycnals sampled at 556 m hydrographic stations, and the mean potential temperature on each isopycnal, µ θ n , is subtracted 557 from each data point on that isopycnal (column means are removed), so that
To prevent the results from being biased towards spatial patterns in the FSBW, which has lateral variations an order of magnitude or more larger than those in the DTML, we divide the data on 560 each isopycnal by the standard deviation of measurements on that isopycnal, σ θ n , to give
The result is a matrix X θ of potential temperatures on isopycnal surfaces spanning the FSBW,
562
BSBW, and DTML, with zero mean and unit standard deviation.
563
EOF modes are determined using singular value decomposition, which produces ordered or-564 thonormal modes, with the first mode capturing the most variance in the data. That is,
where the matrix U provides the spatial patterns for each EOF mode (the columns of U are the spa- 
572
This is equivalent to calculating the r 2 -value for the correlation between that EOF mode and the 573 potential temperature field on each isopycnal ( Figure 6 ).
574
To determine the sensitivity of the EOF results to spatial sampling and station locations, the data by redundancy in the data; it does not require that measurements on successive isopycnals or 579 between adjacent stations be independent.
580
EOF modes and the associated principal components are non-dimensional, and can be difficult 581 to interpret in relation to the observations. The original data matrix is reconstructed as:
where σ θ and µ θ are vectors for the standard deviation and mean of the potential temperature, 583 respectively, on each isopycnal. A reconstruction of the potential temperature field can be ac-584 complished using only a set number of modes. For example, a mode 1 reconstruction is given 585 by:
The resulting m × n matrix provides the information in the original potential temperature field that 587 is captured by the first EOF mode on each isopycnal at each station. As such, the reconstructed 588 field has the same spatial pattern as the first EOF mode, but provides dimensional values.
589
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